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1
METHOD FOR PRODUCING DIAMINE
COMPOUND

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2012/061445 filed Apr. 27,2012, claiming
priority based on Japanese Patent Application No. 2011-
101528 filed Apr. 28, 2011, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a method for producing a
diamine compound useful for forming a ruthenium-diamine
complex important as an asymmetric reduction catalyst.

BACKGROUND ART

Many asymmetric reactions including asymmetric reduc-
tion have been developed, and many asymmetric reactions
have been reported in which asymmetric metal complexes
having optically active phosphine ligands are used. On the
other hand, many reports have shown that complexes in which
optically active nitrogen compounds are coordinated to tran-
sition metals, such as ruthenium, rhodium, and iridium, for
example, have excellent performances as catalysts for asym-
metric synthesis reactions. Moreover, to enhance the perfor-
mances of these catalysts, various optically active nitrogen
compounds have been developed (Non Patent Literatures 1, 2,
3, 4, etc.). In particular, M. Wills et al. have reported that
complexes in which a diamine moiety and an aromatic ring
(arene) moiety coordinated to the ruthenium metal are linked
by a carbon chain exhibit higher activities than conventional
catalysts (Non Patent Literatures 5, 6, 7, 8, 9, 10, etc.).
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SUMMARY OF INVENTION

However, these complexes have the following problems.
Specifically, these complexes are produced through hazard-
ous processes such as the Birch reduction of an alcohol hav-
ing an aromatic ring, the subsequent conversion to an alde-
hyde under a low temperature of —80° C., and the subsequent
synthesis using pyrophoric NaBH, or LiAlH,. Moreover, the
yields of these complexes are low.
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2

To solve the above problems, the present inventors have
developed a production method which is performed under
mild conditions and hence can be carried out industrially.

Specifically, the present invention includes the following
contents.

[1] A method for producing a compound represented by the

following general formula (1):

@®
RI0

R
~

=z

/QA3 Al
NH 5y AZ )
3 4

R R!

Rl3

wherein R represents an alkyl group having 1 to 10 carbon
atoms; an alkanesulfonyl group having 1 to 10 carbon atoms
and optionally substituted with a halogen atom; an arene-
sulfonyl group optionally substituted with an alkyl group
having 1 to 10 carbon atoms, a halogenated alkyl group hav-
ing 1 to 10 carbon atoms, or a halogen atom; an alkoxycar-
bonyl group having 2 to carbon atoms in total; or a benzoyl
group optionally substituted with an alkyl group having 1 to
10 carbon atoms, R? and R? each independently represent an
alkyl group having 1 to 10 carbon atoms; a phenyl group
optionally substituted with an alkyl group having 1 to 10
carbon atoms, an alkoxy group having 1 to 10 carbon atoms,
or a halogen atom; or a cycloalkyl group having 3 to 8 carbon
atoms, or R? and R® may together form aring, R'° to R'* each
independently represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, or a trisubstituted alkylsilyl group, A* and A®
represent methylene, A? represents an oxygen atom or meth-
ylene, and n, and n, are each independently 1 to 3, the method
comprising:

reacting a compound represented by the following general
formula (2):

Rll
RIZ RIO
AZ B,
Rl3 Al A3 )/
"1 "2
RM
wherein R'° to R, A' to A3 n |, and n, are the same as those
defined in the general formula (1), and B represents a halogen
atom, an alkanesulfonyloxy group, or an arenesulfonyloxy

group, with a diamine compound represented by the follow-
ing general formula (3):

@

&)
RZ

NH;,
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wherein R' to R are the same as those defined in the general
formula (1).
[2] The production method according to [1], wherein
the compound represented by the general formula (2) is
reacted with the diamine compound represented by the gen-
eral formula (3) at a temperature of 100° C. to 200° C.
[3] A compound represented by the following general for-
mula (2):

Rll
RIZ RIO
AQ\(\ B,
13 1 3
R A jn/lé A )”/2
Rl4
wherein R'° to R'* each independently represent a hydrogen
atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy
group having 1 to 10 carbon atoms, or a trisubstituted alkyl-
silyl group, A" and A® represent methylene, A® represents an
oxygen atom or methylene, B represents a halogen atom, an
alkanesulfonyloxy group, or an arenesulfonyloxy group, and
n, and n, are each independently 1 to 3.

The present invention provides a method for producing a
diamine compound in which a diamine moiety and an arene
moiety to be coordinated to a ruthenium metal are linked by a
carbon chain. The above-described conventional methods for
producing a diamine compound have the following problems:
the complexity of the synthesis method; the use of the Birch
reduction which necessitates the use of toxic ammonia gas
and an ultra low-temperature apparatus; the inevitable use of
the Swern oxidation which causes problems, in industrial
application, associated with the odor of by-produced dim-
ethyl sulfide, the hazardous nature of carbon monoxide, the
need for a cryogenic reactor, and the like; low yields in some
reactions; and the like. In contrast, the present invention
makes it possible to simply and efficiently produce a highly
active ruthenium-diamine complex by the production method
which uses a novel intermediate obtained by halogenating or
sulfonylating an alcohol synthesized by the Diels-Alder reac-
tion.

@

DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention will be described in fur-
ther detail.

In the present invention, a compound represented by the
following general formula (1) is produced by reacting a com-
pound represented by the following general formula (2) with
a diamine compound represented by the following general
formula (3):

@
RIO

~

=z

’QA3 Al
NH A2 )
3 4

R R!
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wherein R represents an alkyl group having 1 to 10 carbon
atoms; an alkanesulfonyl group having 1 to 10 carbon atoms
and optionally substituted with a halogen atom; an arene-
sulfonyl group optionally substituted with an alkyl group
having 1 to 10 carbon atoms, a halogenated alkyl group hav-
ing 1 to 10 carbon atoms, or a halogen atom; an alkoxycar-
bonyl group having 2 to 11 carbon atoms in total; or a benzoyl
group optionally substituted with an alkyl group having 1 to
10 carbon atoms, R? and R each independently represent an
alkyl group having 1 to 10 carbon atoms; a phenyl group
optionally substituted with an alkyl group having 1 to 10
carbon atoms, an alkoxy group having 1 to 10 carbon atoms,
or a halogen atom; or a cycloalkyl group having 3 to 8 carbon
atoms, or R? and R® may together form aring, R'° to R'* each
independently represent a hydrogen atom, an alkyl group
having 1 to 10 carbon atoms, an alkoxy group having 1 to 10
carbon atoms, or a trisubstituted alkylsilyl group, A' and A*
represent methylene, A? represents an oxygen atom or meth-
ylene, and n, and n, are each independently 1 to 3,

Rl 1
RIZ RIO
AZ B
R Al Asj’ ’
"1 "2
Rl4
wherein R'° to R**, A! to A%, n, and n, are the same as those
defined in the general formula (1), and B represents a halogen

atom, an alkanesulfonyloxy group, or an arenesulfonyloxy
group, and

@

)]
R2

NH,,

H R?
wherein R! to R? are the same as those defined in the general
formula (1).

The alkyl group having 1 to 10 carbon atoms represented
byR!is alinear or branched alkyl group having 1 to 10 carbon
atoms, and preferably having 1 to 5 carbon atoms. Specific
examples of the alkyl group include a methyl group, an ethyl
group, a n-propyl group, an isopropyl group, a n-butyl group,
an isobutyl group, a s-butyl group, a t-butyl group, a n-pentyl
group, a n-hexyl group, a n-heptyl group, a n-octyl group, a
n-nonyl group, a n-decyl group, and the like.

The alkanesulfonyl group having 1 to 10 carbon atoms
represented by R' includes a methanesulfonyl group, an
ethanesulfonyl group, a propanesulfonyl group, and the like.
The alkanesulfonyl group is optionally substituted with one
or multiple halogen atoms. The halogen atom includes chlo-
rine atoms, bromine atoms, fluorine atoms, and the like. The
alkanesulfonyl group having 1 to 10 carbon atoms and sub-
stituted with a halogen atom includes a triffuoromethane-
sulfonyl group and the like.

The arenesulfonyl group represented by R includes a ben-
zenesulfonyl group and the like. The arenesulfonyl group is
optionally substituted with one or multiple alkyl groups hav-
ing 1 to 10 carbon atoms, halogenated alkyl groups having 1
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to 10 carbon atoms, or halogen atoms. The alkyl group having
1 to 10 carbon atoms includes those listed as the alkyl group
having 1 to 10 carbon atoms represented by R', and the like.
The halogenated alkyl group having 1 to 10 carbon atoms
includes halides (the halogen atom includes a chlorine atom,
a bromine atom, a fluorine atom, and the like) of those listed
as the alkyl group having 1 to 10 carbon atoms represented by
R!, and the like. The halogen atom includes a chlorine atom,
a bromine atom, a fluorine atom, and the like. The arenesulfo-
nyl group substituted with an alkyl group having 1 to 10
carbon atoms, a halogenated alkyl group having 1 to 10 car-
bon atoms, or a halogen atom includes a p-toluenesulfonyl
group, a 2.4,6-trimethylbenzenesulfonyl group, a 4-trifluo-
romethylbenzenesulfonyl group, a pentafluorobenzenesulfo-
nyl group, and the like.

The alkoxycarbonyl group having 2 to 11 carbon atoms in
total represented by R” is a linear or branched alkoxycarbonyl
group having 2 to 11 carbon atoms in total, and preferably
having 2 to 5 carbon atoms in total. Specific examples of the
alkoxycarbonyl group include a methoxycarbonyl group, an
ethoxycarbonyl group, a t-butoxycarbonyl group, and the
like.

The benzoyl group represented by R! is optionally substi-
tuted with one or multiple alkyl groups having 1 to 10 carbon
atoms. The alkyl group having 1 to 10 carbon atoms includes
those listed as the alkyl group having 1 to 10 carbon atoms
represented by R*, and the like. The benzoyl group optionally
substituted with an alkyl group having 1 to 10 carbon atoms
includes a benzoyl group, a p-toluoyl group, an o-toluoyl
group, and the like.

The alkyl group having 1 to 10 carbon atoms represented
by each of R? and R? includes those listed as the alkyl group
having 1 to 10 carbon atoms represented by R*, and the like.

The phenyl group represented by each of R* and R? is
optionally substituted with one or multiple alkyl groups hav-
ing 1 to 10 carbon atoms, alkoxy groups having 1 to 10 carbon
atoms, or halogen atoms. The alkyl group having 1 to 10
carbon atoms includes those listed as the alkyl group having
1 to 10 carbon atoms represented by R', and the like. The
alkoxy groups having 1 to 10 carbon atoms are each a linear
or branched alkoxy group having 1 to 10 carbon atoms, and
preferably having 1 to 5 carbon atoms. Specific examples of
the alkoxy group include a methoxy group, an ethoxy group,
a n-propoxy group, an isOpropoxy group, a n-butoxy group,
an isobutoxy group, a s-butoxy group, a t-butoxy group, a
n-pentyloxy group, a n-hexyloxy group, a n-heptyloxy group,
an-octyloxy group, a n-nonyloxy group, a n-decyloxy group,
and the like. The halogen atom includes a chlorine atom, a
bromine atom, a fluorine atom, and the like. The phenyl group
substituted with an alkyl group having 1 to 10 carbon atoms,
an alkoxy group having 1 to 10 carbon atoms, or a halogen
atom includes a 2,4,6-trimethylphenyl group, a 4-methox-
yphenyl group, a 2.4,6-trimethoxyphenyl group, a 4-fluo-
rophenyl group, a 2-chlorophenyl group, a 4-chlorophenyl
group, a 2,4-dichlorophenyl group, and the like.

The cycloalkyl group having 3 to 8 carbon atoms repre-
sented by each of R? and R is a monocyclic, polycyclic, or
cross-linked cycloalkyl group having 3 to 8 carbon atoms, and
preferably having 5 to 8 carbon atoms. Specific examples of
the cycloalkyl group having 3 to 8 carbon atoms include a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a cyclooctyl group,
and the like.

These cycloalkyl groups are optionally substituted with
alkyl groups such as methyl groups, isopropyl groups, and
t-butyl groups; or the like.
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Regarding the ring formed by R? and R? together, R* and
R? together form a linear or branched alkylene group having
2 to 10 carbon atoms, and preferably 3 to 10 carbon atoms,
and thus form a preferably 4- to 8-membered, more prefer-
ably 5- to 8-membered, cycloalkane ring together with the
adjacent carbon atoms. Preferred examples of the cycloal-
kane ring include a cyclopentane ring, a cyclohexane ring,
and a cycloheptane ring. These rings may have, as substitu-
ents, alkyl groups such as methyl groups, isopropyl groups,
and t-butyl groups, and the like.

The alkyl group having 1 to 10 carbon atoms represented
by each of R'° to R is a linear or branched alkyl group
having 1 to 10 carbon atoms, and preferably having 1 to 5
carbon atoms. Specific examples of the alkyl group include a
methyl group, an ethyl group, a n-propyl group, an isopropyl
group, a n-butyl group, an isobutyl group, a s-butyl group, a
t-butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl
group, a n-octyl group, a n-nonyl group, a n-decyl group, and
the like.

The alkoxy group having 1 to 10 carbon atoms represented
by each of R'°® to R'* is a linear or branched alkoxy group
having 1 to 10 carbon atoms, and preferably having 1 to 5
carbon atoms. Specific examples of the alkoxy group include
a methoxy group, an ethoxy group, a n-propoxy group, an
1SOpropoxy group, a n-butoxy group, an isobutoxy group, a
s-butoxy group, a t-butoxy group, a n-pentyloxy group, a
n-hexyloxy group, a n-heptyloxy group, a n-octyloxy group,
a n-nonyloxy group, a n-decyloxy group, and the like.

The alkyl groups of the trisubstituted alkylsilyl group rep-
resented by each of R'° to R'* are alkyl groups having 1 to 10
carbon atoms. Specific examples thereof include methyl
groups, ethyl groups, n-propyl groups, isopropyl groups,
n-butyl groups, isobutyl groups, s-butyl groups, t-butyl
groups, n-pentyl groups, n-hexyl groups, n-heptyl groups,
n-octyl groups, n-nonyl groups, n-decyl groups, and the like.
Specific examples of the trisubstituted alkylsilyl group
include a trimethylsilyl group, a triethylsilyl group, a t-bu-
tyldimethylsilyl group, a triisopropylsilyl group, and the like.

The halogen atom represented by B includes a chlorine
atom, a bromine atom, an iodine atom, and the like.

The alkanesulfonyloxy group represented by B is prefer-
ably alinear or branched alkanesulfonyloxy group having 1 to
5 carbon atoms. Specific examples of the alkanesulfonyloxy
group include a methanesulfonyloxy group, a trifluo-
romethanesulfonyl group, an ethanesulfonyloxy group, an
isopropanesulfonyloxy group, a n-propylsulfonyloxy group,
a n-butylsulfonyloxy group, a tert-butylsulfonyloxy group, a
n-pentanesulfonyloxy group, and the like.

The arenesulfonyloxy group represented by B includes a
phenylsulfonyloxy group, a naphthylsulfonyloxy group, and
the like. The arenesulfonyloxy group may have 1 to 3 sub-
stituents on the phenyl ring of the phenylsulfonyloxy group or
on the naphthalene ring of the naphthylsulfonyloxy group.

The substituents include linear or branched alkyl groups
having 1 to 6 carbon atoms, linear or branched alkoxy groups
having 1 to 6 carbon atoms, nitro groups, halogen atoms, and
the like. Specific examples of the phenylsulfonyloxy group
include phenylsulfonyloxy, 4-methylphenylsulfonyloxy,
2-methylphenylsulfonyloxy, 4-nitrophenylsulfonyloxy,
4-methoxyphenylsulfonyloxy,  2-nitrophenylsulfonyloxy,
3-chlorophenylsulfonyloxy, and the like. Specific examples
of the naphthylsulfonyloxy group include a-naphthylsulfo-
nyloxy and B-naphthylsulfonyloxy groups, and the like.

Subsequently, description is given of a step of obtaining the
compound represented by the general formula (1) by reacting
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the compound represented by the general formula (2) with the
diamine compound represented by the general formula (3)
(Scheme 1).

Scheme 1
R2
Rl RI\N NH,
RI2 RI0 |
H R?
A2 B ®)
RI3 Al As')/
ny ny
R4
@
RU
R RI0
R2
H
N
13 1 A3’)/
R A "2 NH1
RM R3

wherein R' to R®>, R"®to R', A', A% A® n , n,, and B are the
same as described above.

A solvent used for synthesizing the compound represented
by the general formula (1) from the compound represented by
the general formula (2) and the compound of the general
formula (3), which is a diamine compound, is preferably an
aromatic hydrocarbon such as toluene, xylene, or mesitylene;
a halogenated aromatic hydrocarbon such as chlorobenzene;
an ether such as 1,4-dioxane; an aprotic polar solvent such as
N,N-dimethylformamide or dimethyl sulfoxide, or the like,
and is particularly preferably dimethyl sulfoxide, toluene,
xylene, or mesitylene. In addition, the reaction can also be
performed in a mixture of an organic solvent with water by
using water as another solvent. Meanwhile, a base used for
the reaction is preferably an inorganic base such as sodium
hydroxide, sodium hydrogen carbonate, sodium carbonate,
potassium hydroxide, potassium hydrogen carbonate, potas-
sium carbonate, lithium hydroxide, lithium hydrogen carbon-
ate, lithium carbonate, cesium carbonate, magnesium
hydroxide, magnesium carbonate, calcium hydroxide, or cal-
cium carbonate; or a tertiary organic amine such as trimethy-
lamine, triethylamine, triisopropylamine, tributylamine, or
diisopropylethylamine, and is particularly preferably triethy-
lamine or diisopropylethylamine. The amount of the base
usedis 0.2 to 2.0 equivalents, and preferably 1.0to 1.5 equiva-
lents to the compound represented by the general formula (2).
The reaction temperature is, for example, 100° C. to 200° C.,
and preferably 100° C. to 160° C. The reaction time is 30
minutes to 30 hours, and preferably 1 hour to 12 hours,
although it varies depending on the reaction substrate used.
The reaction is preferably performed in an inert gas such as
nitrogen gas or argon gas. Moreover, an additive such as
sodium iodide, potassium iodide, lithium iodide, sodium bro-
mide, potassium bromide, lithium bromide, potassium chlo-
ride, or lithium chloride may be added. The additive is pref-
erably potassium iodide or lithium iodide. The amount of the
additive is 0 to 10 equivalents, and preferably 0.1 to 1 equiva-
lents to the compound represented by the general formula (2).

The compound represented by the general formula (2) can
be synthesized, for example, by a method described in
Scheme 2 below.
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Scheme 2

R
RZ 7 RIO
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R2 Rl
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R X A3)/

ny "y

R¥
(©
R
R2 RO
A2 B
RI3 Al)/( 9\(~A3)/
ny "y
R¥
@

wherein R'® to R, A', A%, A® n,, n,, and B are the same as
described above.

The alcohol (c¢) can be synthesized by the Diels-Alder
reaction between the diene (a) having substituents and the
alkyne (b) having a substituent. The reagent used includes
metal complexes such as [1,2-bis(diphenylphosphino)
ethane]cobalt(Il) dibromide, 1,5-cyclooctadiene(naphtha-
lene)rhodium(]) tetrafluoroborate, dichloro(1,4-diaza-1,3-di-
ene)iron(Il), and dichlorobis(tri-o-biphenylphosphite)nickel
(II). A solvent used for the Diels-Alder reaction is not
particularly limited, unless the reaction is adversely affected.
The solvent includes ethers such as diethyl ether, tetrahydro-
furan, and dioxane; aromatic hydrocarbons such as toluene
and xylene; halogen-containing hydrocarbon solvents such as
dichloromethane and 1,2-dichloroethane; aprotic polar sol-
vents such as acetonitrile, ethyl acetate, and acetone; and the
like. Dichloromethane or tetrahydrofuran is particularly pref-
erable. Although the reaction temperature of the Diels-Alder
reaction naturally varies depending on the substrate used, the
reaction temperature is in a range of generally —-20° C. to 100°
C., and preferably 10° C. to 40° C. In addition, although the
reaction time of the Diels-Alder reaction naturally varies
depending on the substrate used, the reaction time is generally
30 minutes to 30 hours, and preferably 1 hour to 20 hours.
Note that the Diels-Alder reaction is preferably performed in
an inert gas such as nitrogen or argon.

Next, the hydroxyl group moiety of the alcohol (c) is con-
verted to a leaving group such as a halogen atom, an alkane-
sulfonyloxy group, or an arenesulfonyloxy group, and thus
the compound represented by the general formula (2) is syn-
thesized. The reagent used here for the conversion to the
leaving group includes hydrogen chloride, thionyl chloride,
sulfuryl chloride, oxalyl chloride, phosphorus trichloride,
phosphorus pentachloride, hydrogen bromide, phosphorus
tribromide, phosphorus pentabromide, carbon tetrabromide,
dimethylbromosulfonium bromide, thionyl bromide, hydro-
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gen iodide, phosphorus triiodide, triphenyl phosphite methio-
dide, p-toluenesulfonyl chloride, methanesulfonyl chloride,
trifluoromethanesulfonyl chloride, trifluoromethanesulfonic
anhydride, and the like. The reaction solvent includes, but not
particularly limited, ethers such as diethyl ether, tetrahydro-
furan, and dioxane; aromatic hydrocarbons such as benzene,
toluene, and xylene; halogen-containing hydrocarbon sol-
vents such as dichloromethane and 1,2-dichloroethane; apro-
tic polar solvents such as N,N-dimethylformamide, acetoni-
trile, and dimethyl sulfoxide; alcohols such as methanol,
ethanol, and 2-propanol; and the like. In particular, dichlo-
romethane, tetrahydrofuran, and toluene are preferable. Note
that, for some reaction systems, it is preferable to perform the
reaction in the presence of a base in an amount of 1 to 2
equivalents to the reaction substrate. Although the reaction
temperature naturally varies depending on the substrate used,
the reaction temperature is in a range of generally -30° C. to
200° C., and preferably 10° C. to 100° C. In addition,
although the reaction time naturally varies depending on the
substrate used, the reaction time is generally 30 minutes to 30
hours, and preferably 1 hour to 20 hours. Note that the reac-
tionis preferably performed in an inert gas such as nitrogen or
argon.

The compound represented by the general formula (2) can
also be synthesized, for example, according to Scheme 3.

Scheme 3

RIO
% AZ\)\(\ OH —»
Al A37/
nl 712
(b

Rl
R /
R AN
" RM
\ e
1 o
A s A n,
(e
Rl
R RI0
A2 B
Ri Al AS')/
nl 712
R

@

wherein R'® to R, A', A%, A% n,, n,, and B are the same as
described above.

As shown in scheme 3, the hydroxyl group moiety of the
alkyne (b) having a substituent is converted to a leaving group
such as a halogen atom, an alkanesulfonyloxy group, or an
arenesulfonyloxy group. After that, the compound repre-
sented by the general formula (2) is synthesized by a Diels-
Alder reaction of the compound represented by the general
formula (e) with the diene (a) having substituents. A reagent
for the conversion to the leaving group, a solvent, and reaction
conditions are the same as described in scheme 2 above.
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From the compound of the general formula (1), a ruthe-
nium-diamine complex (5) can be produced according to the
description in Org. Lett. 9 (2007) p. 4659, for example.

RU
RZ R0 1. HCL
0 R? 2. RuCl; hydrate
N, T
13 1 3)/
R A A, NH
R R? R!
(€]
B
Cl—Ru” 2
RU
R2 \/ RI0
“ | H R? base
AZ N, -
13 1 A3
R Al ) NH,
R R?
@
RI0
RU
Al)
RIZ oy
R4
R13 2
Rl A
Cl
N
\Rlu/
R2
)
\ 22
R3 !

®)

wherein R' to R?, R'® to R'* A', A% A® n,, and n, are the
same as described above).

A solvent used for synthesizing a complex of the general
formula (4) from the compound of the general formula (1) and
ruthenium(I1I) chloride or hydrate thereof includes, but not
particularly limited, aliphatic alcohols such as 2-propanol,
n-butanol, 2-butanol, n-pentanol, 2-pentanol, 3-pentanol,
3-methyl-1-butanol, cyclopentanol, 3-methoxy-1-propanol,
2-methoxyethanol, 2-ethoxyethanol, 2-isopropoxyethanol,
n-hexanol, 3-methoxy-1-butanol, 3-methoxy-3-methyl-1-
butanol, 2-hexanol, 3-hexanol, cyclohexanol, n-heptanol,
2-heptanol, 3-heptanol, cycloheptanol, n-octanol, 2-octanol,
3-octanol, 4-octanol, and cyclooctanol; aromatic alcohols
such as phenol, benzyl alcohol, 1-phenylethanol, 2-phenyle-
thanol, o-cresol, m-cresol, p-cresol, 2-methylbenzyl alcohol,
3-methylbenzyl alcohol, and 4-methylbenzyl alcohol; diols
such as ethylene glycol, 1,2-propanediol, 1,3-propanediol,
1,2-butanediol, 1,3-butanediol, 1,4-butanediol, ethylene gly-
col-n-butyl ether, ethylene glycol-iso-butyl ether, and ethyl-
ene glycol-n-hexyl ether; derivatives thereof; and the like.
One of these solvents may be used alone, or two or more
thereof may be used as a mixture. By using two or more
solvents in combination, the boiling point of the solvent can
be adjusted in a desired range, so that the reaction temperature
can be controlled for a reaction under reflux. For example, an
alcohol with which a small amount of water is mixed may be
used. The amount of the compound of the general formula (1)
used is 1 to 20 equivalents, preferably 1 to 10 equivalents, and
more preferably 1 to 5 equivalents, to the ruthenium atoms.
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The amount of the solvent used is not particularly limited, as
long as ruthenium chloride or hydrate thereof can be dis-
solved therein at the reaction temperature. For example, the
amount of the solvent is 2 to 50 times volume (i.e., 2 to 50 mL.
of'the solvent relative to 1 g of ruthenium chloride or hydrate
thereof), preferably 2 to 30 times volume, and more prefer-
ably 5 to 20 times volume of ruthenium chloride or hydrate
thereof. Although the reaction temperature varies depending
on the solvent used, the reaction temperature is 60° C. or
above, and preferably 100° C. or above, and also 200° C. or
below, and preferably 160° C. or below, from the viewpoint of
the reaction efficiency.

A solvent used for synthesizing the complex of the general
formula (5) from the complex of the general formula (4)
includes, but not particularly limited, halogenated solvents
such as methylene chloride, dichloroethane, chloroform, and
trifluoroethanol; aromatic hydrocarbons such as toluene and
xylene; ethers such as diisopropy! ether and tetrahydrofuran;
alcohols such as methanol, ethanol, 2-propanol, n-butanol,
2-butanol, and n-pentanol; and the like. Dichloromethane or
isopropanol is particularly preferable. One of these solvents
may be used alone, or two or more thereof may be used as a
mixture. By using two or more solvents in combination, the
boiling point of the solvent can be adjusted in a desired range,
so that the reaction temperature can be controlled for a reac-
tion under reflux. For example, an alcohol with which a small
amount of water is mixed may be used. The base used here
includes inorganic bases such as sodium hydroxide, sodium
hydrogen carbonate, sodium carbonate, potassium hydrox-
ide, potassium hydrogen carbonate, potassium carbonate,
lithium hydroxide, lithium hydrogen carbonate, lithium car-
bonate, cesium carbonate, magnesium hydroxide, magne-
sium carbonate, calcium hydroxide, and calcium carbonate;
amines such as triethylamine, tripropylamine, tributylamine,
pyridine, and triisopropylamine; and the like. Triethylamine
is particularly preferable. The amount of the base used is 0.2
to 2 equivalents, and preferably 1 to 1.5 equivalents to the
ruthenium atoms. Although the reaction time varies depend-
ing on the reaction substrate used, the reaction time is 30
minutes to 20 hours, and preferably 1 hour to 12 hours. This
reaction is preferably performed in an inert gas such as nitro-
gen gas or argon gas.

EXAMPLES

Hereinafter, the present invention will be described in
detail based on Examples. However, the present invention is
not limited to these Examples.

Note that, in the following Examples and the like, NMR
spectra used for identification of complexes and determina-
tion of purities thereof were measured with Mercury Plus 300
4N model apparatus manufactured by Varian Technologies
Japan Ltd., or Bruker BioSpin Avance I1I 500 System. For GC
analysis, Chirasil-DEX CB (0.25 mmx25 m, 0.25 pm)
(manufactured by Varian, Inc.) or HP-1 (0.32 mmx30 m, 0.25
um) (manufactured by Agilent Technologies, Inc.) was used.
For HPLC analysis, YMC-Pack Pro C18 (250x4.6 mm, 5 pm,
12 nm) (manufactured by YMC) was used. Meanwhile, for
MS measurement, JMS-T100GCV manufactured by JEOL
Ltd. or LCMS-IT-TOF manufactured by Shimadzu Corpora-
tion was used.

In addition, the meanings of abbreviations in Examples are
as follows.

THEF: tetrahydrofuran

Msdpen: N-methanesulfonyl-1,2-diphenylethylenediamine

Tsdpen: N-(p-toluenesulfonyl)-1,2-diphenylethylenedi-
amine
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0-TFTs-DPEN: N-(o-trifluoromethylbenzenesulfonyl)-1,2-
diphenylethylenediamine

TIPPs-DPEN:  N-(2.4,6-triisopropylbenzenesulfonyl)-1,2-
diphenylethylenediamine

DIPEA: diisopropylethylamine

MIBK: methyl isobutyl ketone

S/C represents a value represented by the number of moles of

the substrate ketone/the number of moles of the catalyst.

Example 1

Production of 4-(4-methylcyclohexa-1,4-dienyl)butan-1-
ol and 4-(5-methylcyclohexa-1,4-dienyl)butan-1-ol

OoH
+ /\/\/ —_—

~

OH
(1 4type)
+
OH
(1,5type)

In 45 mL of THF, 1,2-bis(diphenylphosphino)ethane (0.77
g, 1.93 mmol), cobalt bromide (0.41 g, 1.87 mmol), zinc
iodide (1.19 g, 3.73 mmol), and zinc (0.24 g, 3.67 mmol) were
dissolved, followed by stirring at 70° C. for 15 minutes. After
cooling to room temperature, isoprene (7.55 g, 110.83 mmol)
was added. Then, 5-hexyn-1-0l (8.94 g, 91.09 mmol) was
slowly added dropwise with cooling in a water bath. After
stirring at 35° C. for 1 hour, the solvent was evaporated under
reduced pressure, and the obtained residue was purified by
silica gel column chromatography (hexane/ethyl acetate=3/
1). Thus, 13.34 g of the title compounds, alcohols, were
obtained as a colorless oily substance. Yield: 88.1% (isomer
ratio: 1,4 type/1,5 type=77/23). Note that the following NMR
spectrum data are those of the mixture of the two isomers.

'H-NMR (CDCl,, 300 MHz): § 5.61-5.57 (m, 2H"), 5.43-
5.41 (m, 2H), 3.67-3.63 (m, 2H+2H"), 2.58 (brs, 4H), 2.10
(brs,4H"), 2.08 (t,J=6.9 Hz, 2H"), 2.00 (t, ]=7.2 Hz, 2H), 1.76
(s, 3H"), 1.67 (s, 3H), 1.61-1.43 (m, SH+5H"),

HRMS (ESI): caled for C, ,H, ;0 [M+H]+167.1430, found
167.1432

Example 2
Production of 4-(4-methylcyclohexa-1,4-dienyl)butyl

4-methylbenzenesulfonate and 4-(5-methylcyclohexa-1,4-
dienyl)butyl 4-methylbenzenesulfonate

—_—

| :/\/\/OH

(LAtype) + (1,5type)
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-continued

R
|

(LAtype) + (1,5type)

The alcohols (12.19 g, 73.32 mmol, isomer ratio: 1,4 type/
1,5 type=77/23) obtained in Example 1, triethylamine (8.90
g,87.98 mmol), and 1-methylimidazole (7.22 g, 87.98 mmol)
were dissolved in 10 mL of toluene. With cooling in an
ice-bath, a toluene solution (40 ml) of p-toluenesulfonyl chlo-
ride (15.94 g, 83.58 mmol) was slowly added dropwise, fol-
lowed by stirring at room temperature for 1 hour. Water was
added thereto, and the resultant layers were separated from
each other. The obtained organic layer was washed with 2 M
hydrochloric acid and water. The solvent was evaporated
under reduced pressure, and the obtained residue was purified
by silica gel column chromatography (hexane/ethyl
acetate=20/1—4/1). Thus, 20.25 g of the title compounds,
tosylates, were obtained as a colorless oily substance. Yield:
86.2% (isomer ratio: 1,4 type/1,5 type=77/23). Note that the
following NMR spectrum data are those of the mixture of the
two isomers.

'"H-NMR (CDCls, 300 MHz): § 7.80-7.77 (m, 2H+2H"),
7.36-7.33 (m, 2H+2H"), 5.58-5.56 (m, 1H"), 5.51-5.49 (m,
1H", 5.39-5.38 (m, 1H), 5.35-5.34 (m, 1H), 4.05-4.01 (m,
2H+2H"), 2.53 (brs, 4H), 2.45 (s, 3H+3H"), 2.05 (brs, 4H",
1.99 (t, J=7.4 Hz, 2H"), 1.91 (t, I=7.4 Hz, 2H), 1.76 (s, 3H",
1.66 (s, 3H), 1.67-1.58 (m, 2H+2H"), 1.49-1.37 (m, 2H+2H");

HRMS (ESI): caled for C, jH,,0;SNa [M+Na]+343.1338,
found 343.1330

Example 3

Production of 4-methyl-N-((1S,25)-2-(4-(4-methylcyclo-
hexa-1,4-dienyl)butylamino)-1,2-diphenylethyl)benzene-
sulfonamide and 4-methyl-N-((18,28)-2-(4-(5-methylcyclo-
hexa-1,4-dienyl)butylamino)-1,2-diphenylethyl)
benzenesulfonamide

| OTs
| I/\/\/ +

(1,4type) + (1,5type)

TsHN NH,

$
F
R

T

P Ph

Ph

=z Ph
O
/\/\/\ N R

H
NHTs

(1, 4type) + (1,5type)

The tosylates (10.45 g, 32.61 mmol, isomer ratio: 1,4 type/
1,5 type=77/23) obtained in Example 2 were dissolved in 40
ml of toluene, and DIPEA (4.79 g, 32.61 mmol) and (S,S)-
TsDPEN (11.95 g, 32.61 mmol) were added thereto, followed
by stirring at 135° C. for 14 hours. After that, the solvent was
evaporated under reduced pressure, and the obtained residue
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was purified by silica gel column chromatography (hexane/
ethyl acetate=2/1). Thus, 9.31 g of the title compounds were
obtained as a yellow oily substance. Yield: 55.5% (isomer
ratio: 1,4 type/1,5 type=77/23). Note that the following NMR
spectrum data are those of the mixture of the two isomers.

'H NMR (CDCl,, 300 MHz): § 7.38-7.36 (m, 2H+2H"),
7.14-7.12 (m, 3H+3H", 7.05-7.00 (m, SH+5H"), 6.96-6.88
(m, 4H+4H"), 6.30 (brs, IH+1H"), 5.60-5.58 (m, 1H"), 5.53-
5.51 (m, 1H"), 5.41-5.40 (m, 1H), 5.37-5.36 (m, 1H), 4.24-
4.22 (m, 1H+1H"), 3.60-3.58 (m, 1H+1H"), 2.55 (brs, 4H),
2.46-2.37 (m, 1H+1H"), 2.34 (s, 3H+3H"), 2.32-2.23 (m,
1H+1H"), 2.01 (brs, 4H"), 2.01-1.88 (m, 2H+2H"), 1.77 (s,
3H", 1.67 (s, 3H), 1.46-1.28 (m, SH+5H");

HRMS (ESI): caled for C,,H,N,O,S[M+H]+515.2727,
found 515.2747

Example 4

Production of 4-methyl-N-((1S,2S)-2-(4-(4-methylcyclo-
hexa-1,4-dienyl)butylamino)-1,2-diphenylethyl)benzene-
sulfonamide hydrochloride and 4-methyl-N-((1S,2S)-2-(4-
(5-methylcyclohexa-1,4-dienyl)butylamino)-1,2-
diphenylethyl)benzenesulfonamide hydrochloride

Ph
—_—
& WPh
XNy =
H
NHTs
(1,4type) + (1,5type)
7 HCI Ph
& WPh
AN N W
H
NHTs

(1,4type) + (1,5type)

The amides (8.55 g, 16.61 mmol, isomer ratio: 1, 4 type/1,5
type=77/23) obtained in Example 3 were dissolved in 33 ml
of toluene. Under ice-cooling, a 1IN HCI (methanolic solu-
tion) (3.46 g, 33.22 mmol) was added, followed by stirring at
room temperature for 20 minutes. After that, the solvent was
evaporated under reduced pressure. Thus, 8.85 g of the title
compounds, diamine hydrochlorides, were obtained as a
white solid. Yield: 96.7% (isomer ratio: 1,4 type/1,5 type=77/
23).

'"H-NMR (ds-DMSO, 300 MHz) &: 9.61 (brs, 1H+1H"),
9.15 (brs, IH+1H", 8.85 (d, IH+1H"), 7.29-6.79 (m, 14H+
14H", 5.55 (m, 1H"), 5.48 (m, 1H"), 5.36 (m, 1H), 5.31 (m,
1H), 4.82 (m, 1H+1H"), 4.54 (m, 1H+1H"), 2.66 (brs, 4H),
2.20 (s, 3H+3H"), 1.99 (brs, 4H"), 1.98-1.90 (m, 2H"), 1.90-
1.82 (m, 2H), 1.71 (s, 3H", 1.70-1.52 (m, 2H+2H"), 1.61 (s,
3H), 1.38-1.18 (m, 2H+2H");

HRMS (ESD): caled for C,,H;,N,0,S [M-Cl1]+515.2727,
found 515.2728

Example 5

Production of N-[(1§,25)-1,2-diphenyl-2-(4-(4-meth-
ylphenyl)butylamino)ethyl]-4-methylbenzenesulfonamide
ammonium chloride ruthenium dimer and N-[(18,28)-1,2-
diphenyl-2-(4-(3-methylphenyl)butylamino)ethyl]-4-meth-
ylbenzenesulfonamide ammonium chloride ruthenium dimer
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Cl
S
Ru
2
v Ph
| HCI
\ N \\“\\Ph
H
NHTs
= Hel Ph (L4type)
R —
W o i '
-~ &)
i al Cl
~.7
NHTs Ru—;
(14type) + (1,5type) Z Ph
| HCI
\ N \\“\\Ph
H
NHTs

The hydrochlorides (7.42 g, 13.46 mmol, isomer ratio: 1,4
type/1,5 type=77/23) obtained in Example 4 and ruthenium
trichloride.trihydrate (3.20 g, 12.25 mmol) were dissolved in
a mixture solvent of 110 ml of 3-methoxypropanol and 37 ml
of water, followed by stirring at 120° C. for 1 hour. The
solvent was evaporated under reduced pressure, and diethyl
ether was added to the obtained residue, followed by stirring
at room temperature for 15 minutes. The precipitated crystals
were filtered. Thus, 10.15 g of the title compounds, ruthenium
dimers, were obtained. Yield: 52.3%. The following NMR
spectrum data are those of the major product (1,4 type).

'H NMR (d,-DMSO, 500 MHz): & 9.61 (brs, 2H), 9.11
(brs, 2H), 8.78 (d, J=9.1 Hz, 2H), 7.30-6.88 (m, 28H), 6.82-

25

30

35

=z

/

| el
AN

(1,4type)
+
ci
ci
~ T

F

| Hel
AN

(1,3type)

Tz

(1,3type)

6.81 (m, 8H), 4.83 (m, 2H), 4.56 (m, 2H), 2.71 (brs, 4H), 2.35
(t. J=7.5 Hz, 4H), 2.22 (s, 6H), 2.10 (s, 6H), 1.80-1.60 (m,
4H), 1.60-1.42 (m, 4H);

HRMS (FD): caled for C,,H;CIN,O,RuS [M/2-2HCI]+.
648.1156, found 648.1182

Example 6

Production of N-[(1§,25)-1,2-diphenyl-2-(4-(4-meth-
ylphenyl)butylamino)ethyl]-4-methylbenzenesulfonamide
ammonium chloride ruthenium monomer and N-[(18,28)-1,
2-diphenyl-2-(4-(3-methylphenyl)butylamino )ethyl]-4-me-
thylbenzenesulfonamide ammonium chloride ruthenium
monomer

Ph H

i
A

NHTs

(L4type)

Ph

wPh
X

NHTs

(1,3type)
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The ruthenium dimers (9.12 g, 6.32 mmol) obtained in
Example 5 were dissolved in 155 ml of 2-propanol, and
triethylamine (2.53 g, 25.29 mmol) was added thereto, fol-
lowed by stirring at 60° C. for 1 hour. After that, the solvent
was evaporated under reduced pressure, and the obtained
residue was purified by silica gel chromatography (chloro-
form/methanol=20/1). Thus, 6.77 g of the title compounds,
ruthenium monomers, were obtained. Yield: 82.6% (the
chemical purity based on HPLC was 97.2%). The following
NMR spectrum data are those of the major product (1,4 type).

'H NMR (CD,Cl,, 500 MHz): § 7.17 (d, J=7.9 Hz, 2H),
7.10-7.05 (m, 3H), 6.86 (d, J=7.9 Hz, 2H), 6.82-6.79 (m, 1H),
6.74 (d,J=6.4 Hz, 2H), 6.68 (dd, J=7.9 Hz, 2H), 6.56 (d, J=7.9
Hz, 2H), 6.18 (d, J=5.6 Hz, 1H), 5.55 (d, J=6.3 Hz, 1H), 5.35
(d, I=6.3 Hz, 1H), 5.29 (d, J=5.6 Hz, 1H), 4.73-4.70 (m, 1H),
3.97 (d, J=11.0 Hz, 1H), 3.81 (dd, J=11.0, 12.2 Hz, 1H),
3.52-3.47 (m, 1H), 3.13-3.07 (m, 1H), 2.85-2.81 (m, 1H),
2.75-2.69 (m, 1H), 2.44 (s, 3H), 2.26 (s, 3H), 2.28-2.17 (m,
1H), 2.15-2.04 (m, 1H), 1.96-1.88 (m, 1H), 1.67-1.60 (m,
1H);

HRMS (ESI): caled for C;,H;cCIN,O,RuS [M+H]+
649.1224, found 649.1224

Example 7
Production of N-((18,28)-2-(4-(4-methylcyclohexa-1,4-
dienyl)butylamino)-1,2-diphenylethyl)methanesulfonamide
and N-((1S,2S)-2-(4-(5-methylcyclohexa-1,4-dienyl)buty-
lamino)-1,2-diphenylethyl)methanesulfonamide
| I/\/\/ ots
n
|
(1,4type) + (1,5type)
MsHN NH,
Phs Ph
Z Ph
W whh
N +
H
NHMs
(1,4type) + (1,5type)

The tosylates (5.11 g, 15.95 mmol) obtained in Example 2
were dissolved in 20 ml of toluene, and DIPEA (2.05 g, 15.95
mmol) and (S,S)-MsDPEN (4.63 g, 15.95 mmol) were added
thereto, followed by stirring at 135° C. for 16 hours. After
that, the solvent was evaporated under reduced pressure, and
the obtained residue was purified by silica gel column chro-
matography (hexane/ethyl acetate=2/1). Thus, 5.72 g of the
title compounds, diamines, were obtained as a yellow oily
substance.

Yield: 81.8% (isomer ratio: 1,4 type/1,5 type=77/23). Note
that the following NMR spectrum data are those of the mix-
ture of the two isomers.

'"HNMR (CDCls, 300 MHz): 8 7.26-7.19 (m, 10H+10H"),
6.23 (brs, IH+1H"), 5.59-5.58 (m, 1H"), 5.52-5.51 (m, 1H"),
5.40(m, 1H), 5.36 (m, 1H), 4.47-4.44 (m, 1H+1H"),3.75-3.72
(m, 1TH+1H", 2.55 (brs, 4H), 2.46-2.37 (m, 1H+1H"), 2.34 (s,
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3H+3H"), 2.32-2.23 (m, 1H+1H"), 2.01 (brs, 4H"), 2.01-1.88
(m, 2H+2H"), 1.77 (s, 3H"), 1.67 (s, 3H), 1.46-1.28 (m,
SH+5H");
HRMS (ESI): caled for C, H;N,O,S [M+H]+439.2414,
found 439.2409

Example 8

Production of N-((1S,25)-2-(4-(4-methylcyclohexa-1,4-
dienyl)butylamino)-1,2-diphenylethyl)methanesulfonamide
hydrochloride and N-((1S,2S)-2-(4-(5-methylcyclohexa-1,4-
dienyl)butylamino)-1,2-diphenylethyl)methanesulfonamide
hydrochloride

= Ph
—_—
W wPh
> W
N
H
NHMs
(14type) + (1,5type)
7 HCI  Ph
W wPh
> W
N .
H
NHMs

(1,4type) + (1,5type)

The diamines (5.11 g, 11.65 mmol) obtained in Example 7
were dissolved in 20 ml of toluene. Under ice-cooling, a 1IN
HCI (methanolic solution) (2.43 g, 23.30 mmol) was added
thereto, followed by stirring at room temperature for 20 min-
utes. After that, the solvent was evaporated under reduced
pressure. Thus, 5.14 g of the title compounds, diamine hydro-
chlorides, were obtained as a white solid. Yield: 92.9% (iso-
mer ratio: 1,4 type/1,5 type=77/23). Note that the following
NMR spectrum data are those of the mixture of the two
isomers.

'H-NMR (ds-DMSO, 300 MHz) &: 9.94 (brs, 1H+1H"),
9.08 (brs, IH+1H"), 8.34 (d, 1H+1H"), 7.39-7.00 (m, 10H+
10H"), 5.54 (m, 1H"), 5.47 (m, 1H"), 5.35 (m, 1H), 5.30 (m,
1H), 4.90 (m, 1H+1H"), 4.56 (m, 1H+1H"), 2.72-2.56 (m,
6H+2H"), 2.47 (s, 3H+3H"), 1.98 (brs, 4H'"), 1.93 (t, J=6.9 Hz,
2H"), 1.85 (t, J=7.2 Hz, 2H), 1.71 (s, 3H"), 1.70-1.52 (m,
2H+2H"), 1.61 (s, 3H), 1.38-1.18 (m, 2H+2H");

HRMS (ESD): caled for C,H;N,0,S [M-Cl1]+439.2414,
found 439.2422

Example 9

Production of N-[(1§,25)-1,2-diphenyl-2-(4-(4-meth-
ylphenyl)butylamino)-ethyl]-methanesulfonamide ammo-
nium chloride ruthenium dimer and N-[(1S,25)-1,2-diphe-
nyl-2-(4-(3-methylphenyl)butylamino)-ethyl]-
methanesulfonamide ammonium chloride ruthenium dimer
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cl
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Ru
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= Ph
| HCl
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—_— +
~ Ph
/\/\/\ \“‘\ Cl
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The diamine hydrochlorides (4.05 g, 8.52 mmol) obtained 5.73 (m, 8H), 4.91 (m, 2H), 4.59 (m, 2H), 2.70 (brs, 4H), 2.62
in Example 8 and ruthenium trichloride trihydrate (2.03 g, 2° (s, 6H), 2.35 (t, I=7.7 Hz, 4H), 2.09 (s, 6H), 1.80-1.60 (m,

7.76 mmol) were dissolved in a mixture solvent of 60 ml of 4H), 1.60-1.41 (m, 4H);
3-methoxypropanol and 19 ml of water, followed by stirring
at 120° C. for 1 hour. The solvent was evaporated under
reduced pressure, and diethyl ether was added to the obtained
residue, followed by stirring at room temperature for 15 min- 39

.572.0841, found 572.0863

Example 10

HRMS (FD): caled for C, H,,CIN,O,RuS [M/2-2HCI]+

utes. The precipitated crystals were filtered. Thus, 5.49 g of Production of N-[(1S,28)-1,2-diphenyl-2-(4-(4-meth-

the title compounds, ruthenium dimers, were obtained. Yield:
49.9%. The following NMR spectrum data are those of the

major product (1.4 type). diphenyl-2-(4-(3-methylphenyl)butylamino)ethyl]-

ylphenyl)butylamino)ethyl]-methanesulfonamide = ammo-
nium chloride ruthenium monomer and N-[(1S,2S)-1,2-

'H NMR (d,-DMSO, 500 MHz): 8 9.87 (brs, 2H), 9.04 33 methanesulfonamide ~ammonium chloride  ruthenium

(brs, 2H), 8.27 (d, J=9.4 Hz, 2H), 7.39-7.01 (m, 20H), 5.76- monomer

N

7 Ph " SH
| Hel

g WPh

H
NHMs
(1,4type) (1,4type)
+ —_—
a M ] 7 N
Ru
= / 2 \Séo |
| Ph ) xR

HCl Cl
N Ph © /__J

\\\\\\

N
\“\\ \ H
NHMs

(1,3type)

=z
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The ruthenium dimers (4.49 g, 3.48 mmol) of Example 9
were dissolved in 85 ml of 2-propanol, and triethylamine
(1.45 g, 13.92 mmol) was added thereto, followed by stirring
at 60° C. for 1 hour. After that, the solvent was evaporated
under reduced pressure, and the obtained residue was purified
by silica gel chromatography (chloroform/methanol=20/1).
Thus, 3.38 g of the title compounds, ruthenium monomers,
were obtained.

Yield: 69.3% (the chemical purity based on HPLC was
98.2%). The following NMR spectrum data are those of the
major product (1,4 type).

'"H NMR (CD,Cl,, 500 MHz): 8 7.17-7.13 (m, 3H), 7.10-
7.07 (m, 3H) 6.97-6.95 (m, 2H), 6.85-6.83 (m, 2H), 5.84 (d,
J=5.5Hz, 1H),5.51 (d, J=6.1 Hz, 1H), 5.46 (d, J=6.1 Hz, 1H),
5.38(d,J=5.5Hz, 1H),4.41 (m, 1H), 4.01 (d, I=10.7 Hz, 1H),
3.86 (dd, J=10.7, 12.2 Hz, 1H), 3.43-3.38 (m, 1H), 3.12-3.07
(m, 1H), 2.80-2.71 (m, 2H), 2.47 (s, 3H), 2.37 (s, 3H), 2.25-
2.17 (m, 1H), 2.11-2.02 (m, 1H), 1.98-1.90 (m, 1H), 1.77-
1.68 (m, 1H);

HRMS (ESI): caled for C,¢H;,CIN,O,RuS [M+H]|+
573.0911, found 573.0912

Example 11
Production of 4-(4,5-dimethylcyclohexa-1,4-dienyl)bu-
tan-1-ol
OH
: /\/\/ -
OH

In 40 mL of THF, 1,2-bis(diphenylphosphino)ethane (800
mg, 2.00 mmol), cobalt bromide (437 mg, 2.00 mmol), zinc
iodide (1.28 g, 4.00 mmol), and zinc (260 mg, 4.00 mmol)
were dissolved, followed by stirring at 70° C. for 15 minutes.
After cooling to room temperature, 2,3-dimethyl-1,3-butadi-
ene (9.86 g, 120 mmol) was added. Then, 5-hexyn-1-01(9.8 g,
100 mmol) was slowly added dropwise with cooling in a
water bath. After stirring at 35° C. for 1 hour, the solvent was
evaporated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography (hexane/
ethyl acetate=3/1). Thus, 11.5 g of the title compound, an
alcohol, was obtained as a colorless oily substance. Yield:
63.4%.

'H NMR (CDCl,, 300 MHz): & 5.56-5.41 (m, 1H), 3.67-
3.63 (m, 2H), 2.61-2.48 (m, 2H), 2.11-1.98 (m, 3H), 1.63 (s,
6H), 1.79-1.46 (m, 4H), 1.28 (brs, 1H)

Example 12

Production of 4-(4,5-dimethylcyclohexa-1,4-dienyl)butyl
4-methylbenzenesulfonate

OH
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-continued

OTs

In 55 mL of toluene, 4-(4,5-dimethylcyclo-1,4-diene)bu-
tan-1-o0l (11.0 g, 61.0 mmol), triethylamine (7.40 g, 73.08
mmol), and 1-methylimidazole (6.0 g, 73.0 mmol) were dis-
solved. With cooling in an ice-bath, a toluene solution (40 ml)
of'p-toluenesulfonyl chloride (13.9 g, 73.1 mmol) was slowly
added dropwise, followed by stirring at room temperature for
1 hour. Water was added thereto, and the resultant layers were
separated from each other. The obtained organic layer was
washed with 2 M hydrochloric acid and water. The solvent
was evaporated under reduced pressure, and the obtained
residue was purified by silica gel column chromatography
(hexane/ethyl acetate=20/1—4/1). Thus, 16.3 g of the title
compound, a tosylate, was obtained. Yield: 80%.

'H NMR (CDCl,, 300 MHz): § 7.80-7.77 (d, 2H), 7.36-
7.33(d, 2H), 5.40-5.28 (m, 1H), 4.05-4.00 (m, 2H), 2.53 (brs,
2H), 2.45 (s, 3H), 2.05-1.89 (m, 3H), 1.79-1.74 (m, 3H), 1.67
(s, 6H), 1.60-1.41 (m, 2H)

Example 13

Production of 4-methyl-N-((1S,25)-2-(4-(4,5-dimethylcy-
clohexa-1,4-dienyl)butylamino)-1,2-diphenylethyl)benze-
nesulfonamide hydrochloride

N
OTs
TsHN NH,
— —
PE Ph
Ph
HCI
WP
N
H

NHTs

In 30 ml of toluene, 4-(4,5-dimethylcyclo-1,4-diene)butyl-
p-toluenesulfonate (3.3 g, 9.87 mmol) was dissolved, and
DIPEA (1.40 g, 10.79 mmol) and (S,S)-TsDPEN (3.3 g, 90.0
mmol) were added thereto, followed by stirring at 130° C. for
14 hours. After that, the solvent was evaporated under
reduced pressure, and the obtained residue was purified by
silica gel column chromatography (hexane/ethyl acetate=2/
1). Then, a 1 M methanolic hydrochloric acid solution was
added under ice-cooling, followed by stirring at room tem-
perature for 20 minutes. After that, the solvent was evaporated
under reduced pressure. Thus, 2.47 g of the title compound, a
diamine hydrochloride, was obtained as a white solid. Yield:
44.3%.

'H NMR (DMSO-d,, 300 MHz): § 9.80 (brs, 1H), 9.22
(brs, 1H), 9.01 (brs, 1H), 7.29-7.21 (m, 7H), 6.99-6.82 (m,
7H), 5.40-5.28 (m, 1H), 4.90-4.84 (m, 1H), 2.63 (brs, 2H),
2.40 (brs, 2H), 2.21 (s, 3H), 1.99-1.89 (m, 2H), 1.75-1.62 (m,
2H), 1.58 (s, 6H), 1.60-1.41 (m, 2H)

HRMS (ESD): caled for C53H,,N,0,S [M-Cl1]+529.2892,
found 529.2892
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Example 14

Production of N-[(18S,2S5)-1,2-diphenyl-2-(4-(3,4-dimeth-

ylphenyl)butylamino)-ethyl]-4-methylbenzenesulfonamide
ammonium chloride ruthenium dimer

Ph
HClL
- Ph —
N
H

NHTs
cl
O/ f
Ru

2

4 Ph
| HCI
Ph
e N o
H

NHTs

In a mixture solvent of 35 ml of 2-methoxyethanol and 3.7
ml of water, 4-methyl-N-((18S,2S)-2-(4-(4,5-dimethylcyclo-
hexa-1,4-dienyl)butylamino)-1,2-diphenylethyl)benzene-
sulfonamide hydrochloride (1.0 g, 1.77 mmol) and ruthenium
trichloride trihydrate (3.86 mg, 1.45 mmol) were dissolved,
followed by stirring at 120° C. for 1 hour. The solvent was
evaporated under reduced pressure, and diethyl ether was
added to the obtained residue, followed by stirring at room
temperature for 15 minutes. The precipitated crystals were
filtered. Thus, 1.39 g of the title compound, a ruthenium
dimer, was obtained. Yield: 82.5%.

'H NMR (DMSO-d6, 300 MHz): & 9.80 (brs, 1H), 9.22
(brs, 1H), 8.91 (brs, 1H), 7.28-7.19 (m, 7H), 6.98 (d, J=8 Hz,
2H), 6.99-6.82 (m, 7H), 5.40-5.28 (m, 1H), 4.90-4.84 (m,
1H), 2.63 (brs, 2H), 2.40 (brs, 2H), 2.21 (s, 3H), 1.99-1.89 (m,
2H), 1.75-1.62 (m, 2H), 1.58 (s, 6H), 1.60-1.41 (m, 2H)

Example 15
Production of N-[(18S,2S5)-1,2-diphenyl-2-(4-(3,4-dimeth-

ylphenyl)butylamino) ethyl]-4-methylbenzenesulfonamide
ammonium chloride ruthenium monomer

OH
<*/\°N - *
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The ruthenium dimer (870 mg, 1.27 mmol) obtained in
Example 14 was dissolved in 60 ml of 2-propanol, and tri-
ethylamine (514 mg, 5.07 mmol) was added thereto, followed
by stirring at 60° C. for 1 hour. After that, the solvent was
evaporated under reduced pressure, and the obtained residue
was purified by silica gel chromatography (chloroform/
methanol=20/1). Thus, 500 mg of'the title compound, a ruthe-
nium monomer, was obtained. Yield: 42.7%.

HRMS (ESI): caled for C,,H,,CIN,O,RuS [M+H]+
663.1381, found 663.1371

Example 16

Production of 2-((4-methylcyclohexa-1,4-dienyl)meth-
oxy)ethanol and 2-((5-methylcyclohexa-1,4-dienyl)meth-
oxy )ethanol

O
\/\OH

(14type)

O
\/\OH

(1,5type)
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In 460 ml of THF, 1,2-bis(diphenylphosphino)ethane (7.74
g, 0.019 mol), cobalt bromide (4.05 g, 0.019 mol), zinc iodide
(11.82 g, 0.037 mol), and zinc (2.42 g, 0.037 mol) were
dissolved, followed by stirring at 70° C. for 15 minutes. After
cooling to room temperature, isoprene (74.89 g, 1.10 mol)
was added. Then, an alkyne alcohol (92.70 g, 0.93 mol) was
slowly added dropwise with cooling in a water bath. After
stirring at 35° C. for 1 hour, the solvent was evaporated under
reduced pressure, and the obtained crude product was purified
by Claisen distillation (101 to 113° C./3 torr). Thus, 106.6 gof
the title compounds, diene alcohols, were obtained as a col-
orless oily substance.

Yield: 68.5% (1, 4 type/l, 5 type=91/9). Note that the
following NMR spectrum data are those of the major product
(1,4 type).

'H NMR (CDCl,, 300 MHz): § 5.71-5.70 (m, 1H), 5.45-
5.43 (m, 1H), 3.93 (s, 2H), 3.75-3.70 (m, 2H), 3.52-3.48 (m,
2H), 2.64 (brs, 4H), 2.31 (brs, 1H), 1.68 (s, 3H);

HRMS (ESI): caled for C, H, ;O [M+H]+167.1430, found
167.1432

Example 17
Production of 2-((4-methylcyclohexa-1,4-dienyl)meth-

oxy)ethyl 4-methylbenzenesulfonate and 2-((5-methylcyclo-
hexa-1,4-dienyl)methoxy)ethyl 4-methylbenzenesulfonate

O
\/\OH

(1,4type)

20

26
Example 18

Production of 4-methyl-N-((1R,2R)-2-(2-((4-methylcy-
clohexa-1,4-dienyl)methoxy)ethylamino)-1,2-diphenyl-
ethyl)benzenesulfonamide hydrochloride and 4-methyl-N-
((1R,2R)-2-(2-((5-methylcyclohexa-1,4-dienyl)methoxy)
ethylamino)-1,2-diphenylethyl)benzenesulfonamide
hydrochloride

TsHN NH,

0
N0t

(1,4 type)

\““‘

Ph
®
n - 7 .

HCL
(i)

o
"ot

(1,5 type)

0
N0t

(14type)

/O\/ O\/\OH @\/ O\/\OTS

(1,5type)

The diene alcohols (100.00 g, 0.59 mol) obtained in
Example 16, triethylamine (90.29 g, 0.89 mol), and 1-meth-
ylimidazole (73.20 g, 0.89 mol) were dissolved in 400 ml of
toluene. With cooling in an ice-bath, a toluene solution (400
ml) of p-toluenesulfonyl chloride (130.33 g, 0.68 mol) was
slowly added dropwise, followed by stirring at room tempera-
ture for 1 hour. Water was added thereto, and the resultant
layers were separated from each other. The obtained organic
layer was washed with 15% sulfuric acid, water, and saturated
aqueous sodium hydrogen carbonate in this order. The sol-
vent was evaporated under reduced pressure. Thus, 188.01 g
of the target title compounds, tosylates, were obtained as a
colorless oily substance. Yield: 98.1%. Note that the follow-
ing NMR spectrum data are those of the major product (1,4

type).

'H NMR (CDCl,, 300 MHz): & 7.80 (d, =8.3 Hz, 2H),
7.33 (d, 1=8.3 Hz, 2H), 5.64-5.63 (m, 1H), 5.41-5.40 (m, 1H),
4.18-4.14 (m, 2H), 3.84 (s, 2H), 3.58-3.55 (m, 2H), 2.58 (brs,
4H), 2.44 (s, 3H), 1.67 (s, 3H);

HRMS (ESI): caled for C,-H,;0,S [M+H]+323.1312,
found 323.1325

(1,5type)
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g
=
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NHTs
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+
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Ph

NHTs

(1,5 type)

The tosylates (2.2 g, 6.9 mmol) obtained in Example 17
were dissolved in 10 ml of toluene, and DIPEA (0.90 g, 6.9
mmol) and (R,R)-TsDPEN (2.53 g, 6.9 mmol) were added
thereto, followed by stirring at 135° C. for 27 hours. Water
was added thereto, and the resultant layers were separated
from each other. The obtained organic layer was washed with
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water, and then 20% hydrochloric acid was added thereto.
After stirring at room temperature for 1 hour, the precipitated
crystals were collected by filtration under ice-cooling. Thus,
3.14 g of the target title compounds, diamine hydrochlorides,
were obtained as a white solid. Yield: 82.3%. Note that the
following NMR spectrum data are those of the major product
(1,4 type).

H-NMR (ds-DMSO, 300 MHz) §: 9.76 (brs, 1H), 8.98-
8.80 (m, 2H), 7.30-6.72 (m, 14H), 5.68 (m, 1H), 5.42 (m, 1H),
4.84 (m, 1H), 4.62 (m, 1H), 3.85 (s, 2H), 3.61 (m, 2H),
3.06-2.80 (m, 2H), 2.57 (brs, 4H), 2.21 (s, 3H), 1.64 (s, 3H);

HRMS (ESI): caled for C,,H;,N,0,S [M-C1]+517.2519,
found 517.2523

Example 19

Production of N-[(1R,2R)-1,2-diphenyl-2-(2-(4-methyl-
benzyloxy)ethylamino)-ethyl]-4-methylbenzenesulfona-
mide ammonium chloride ruthenium monomer and N-[(1R,
2R)-1,2-diphenyl-2-(2-(3-methylbenzyloxy Jethylamino)-
ethyl]-4-methylbenzenesulfonamide ammonium chloride
ruthenium monomer

h
o HCl P
~N N /\(
H

NHTs

ning

(14-Type)
R
Ph

HCl
O~ Ph

N/\(

H
NHTs

(1,5-Type)

(1,3-Type)

The diamine hydrochlorides (25.15 g, 45.20 mmol) of
Example 18 were dissolved in a mixture solvent of 375 ml of
3-methoxypropanol and 75 ml of water. Ruthenium trichlo-
ride.trihydrate (10.74 g, 41.09 mmol) and sodium hydrogen
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carbonate (3.45 g, 41.09 mmol) were added thereto, followed
by stirring at 120° C. for 45 minutes. After 3-methoxypro-
panol was recovered, 425 ml of MIBK and triethylamine
(16.63 g, 164.4 mmol) were added, followed by stirring at 60°
C. for 1 hour. After washing with 0.3 M hydrochloric acid,
crystallization was performed by adding heptane. The pre-
cipitated crystals were collected by filtration. Thus, 22.26 g of
the title compounds, ruthenium monomers, were obtained.
Yield: 83.3%. Note that the following NMR spectrum data are
those of the major product (1,4 type).

'H NMR (CD,Cl,, 500 MHz): § 7.21 (d, ]=8.0 Hz, 2H),
7.17-7.08 (m, 4H), 6.88 (d, J=8.0 Hz, 2H), 6.84 (d, J=7.3 Hz,
1H), 6.75-6.69 (m, 4H), 6.60 (d, J=7.3 Hz, 2H), 6.05 (brd,
J=3.6Hz, 1H), 5.75 (d, J=6.3 Hz, 1H), 5.62 (d, J=6.3 Hz, 1H),
5.46 (brd, J=3.6 Hz, 1H), 4.96-4.92 (m, 1H), 4.58-4.45 (m,
2H), 3.98-3.91 (m, 4H), 3.60-3.56 (m, 1H), 3.14-3.10 (m,
1H), 2.52 (s, 3H), 2.26 (s, 3H);

HRMS (ESI): caled for C; H,,CIN,O,RuS [M+H]+
651.1017, found 651.1008

Example 20
Production of N-((1R,2R)-2-(2-((4-methylcyclohexa-1,4-

dienyl)methoxy)ethylamino)-1,2-diphenylethyl)-2-(trifluo-
romethyl)benzenesulfon amide hydrochloride

In 31.6 ml of toluene, 8.07 g (26.1 mmol) of the tosylate
obtained in Example 17 was dissolved, and 3.38 g (26.2
mmol) of DIPEA, 10.00 g (23.8 mmol) of (R,R)-0-TFTsD-
PEN, and 4.34 g (26.2 mmol) of potassium iodide were added
thereto, followed by stirring at 135° C. for 6 hours. Then, the
reaction liquid was concentrated, and purified by silica gel
column chromatography. Thus, 10.1 g of a diamine was
obtained. Yield: 74.5%. After that, 110 ml of dichloromethane
and 65.3 ml ofa 1N HCI (methanolic solution) were added to
10.1 g (17.7 mmol) of the diamine, followed by stirring for
0.5 hours. Then, the solvent was removed. Thus, 11.1 gofthe
target diamine hydrochloride was obtained. Yield: 93.9%.

H-NMR (ds-DMSO, 300 MHz) 6: 1.62 (m, 3H), 2.60 (s,
3H), 2.78-3.12 (m, 2H), 3.52-3.70 (m, 2H), 3.86 (s, 2H), 4.75
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(m, 1H), 4.92 (m, 1H), 5.40 (m, 1H), 5.68 (m, 1H), 6.75-7.35
(m, 10H), 7.40 (t, 1H), 7.50 (t, 1F1), 7.60 (d, 1H), 7.75 (d, 1H),
8.90 (m, 1H), 8.98 (brd, 111), 9.92 (brd, 1H);
F-NMR (d,-DMSO) &: -57.16
HRMS (ESI): caled for Cy,H,;N,0.F,S.HCI [M-CI]*
571.2237, found 571.244

E le 21
xample "
Production of N-[(1R,2R)-1,2-diphenyl-2-(2-(4-methyl-
benzyloxy )ethylamino)-ethyl]-2-trifluoromethylbenzene-
sulfonamide ammonium chloride ruthenium monomer

Ph
HCI =
(0] Ph
- 20
NH-S
Il
(@]
F,C
a, ¢l
/R'u g 25
v
Wonia |-
0) ~ Ph
N \/\N/\r o
H Il
i
s) 30
FsC
CF; l :::
O, 35

40

In a mixture solvent of 66 ml of 3-methoxypropanol and 22
ml of water, 5.0 g (8.25 mmol) of the diamine hydrochloride
produced in Example 20 was dissolved, and 1.79 g (6.86
mmol) of ruthenium trichloride trihydrate and 0.58 g (6.86
mmol) of sodium hydrogen carbonate were added thereto,
followed by stirring at 120° C. for 2 hours. After 50 ml of
3-methoxypropanol was recovered, 75 ml of MIBK and 2.78
g (27.45 mmol) of triethylamine were added, followed by
stirring at 60° C. for 1 hour. After 0.3 M hydrochloric acid was
added, the resultant layers were separated from each other.
The obtained organic layer was washed twice with water.
Approximately 60 ml of the solvent was recovered, and crys-
tallization was performed by adding 85 ml of heptane. The
precipitated crystals were collected by filtration, and 4.60 g of
the target Ru complex was obtained. Yield: 95.2%.

H-NMR (d,-DMSO, 300 MHz) 8: 2.50 (s, 3H), 3.15-3.20
(m, 1H), 3.70-3.82 (m, 2H), 4.00 (m, 2H), 4.15 (m, 1H), 4.40
(m, 1H), 4.80 (m, 1H), 5.10 (d, 1H), 5.45 (d, 1H), 5.62 (d, 1H),
5.70 (d, 1H), 6.38 (d, 1H), 6.50-7.50 (m, 14H);

9F.NMR (d,-DMSO) 8: -58.45

HRMS (ESI): caled for Cs,H,,CIN,O,FsRuS [M+H]*
705.7034, found 705.0758
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Example 22

2,4,6-Triisopropyl-N-((1S,2S)-2-(2-((4-methylcyclohexa-
1,4-dienyl)methoxy )ethylamino)-1,2-diphenylethyl)ben-
zenes ulfonamide

In 25 ml of toluene, 6.03 g (18.82 mmol) of the tosylate
obtained in Example 17 was dissolved, and 2.43 g (18.82
mmol) of DIPEA and 9.00 g (18.80 mmol) of (S,S)-TIPPsD-
PEN were added thereto, followed by stirring at 135° C. for
13 hours. After that, the solvent was evaporated under
reduced pressure, and the obtained residue was purified by
silica gel column chromatography (toluene/ethyl acetate=20/
1—15/1). Thus, 10.53 gof'the title compound was obtained as
a colorless oily substance. Yield: 89.0%.

H-NMR (CDCl,, 300 MHz) d: 1.06 (d, J=6.9 Hz, 3H), 1.21
(d,J=6.9 Hz, 3H), 1.87 (brs, 1H), 1.68 (s, 3H), 2.60 (brs, 4H),
2.71-2.48 (m, 2H), 3.52-3.34 (m, 2H), 3.55 (d, J=8.9 Hz, 1H),
3.77 (s, 2H), 3.95 (septet, J=6.7 Hz, 3H), 4.40 (d, J=8.9 Hz,
1H), 5.44 (m, 1H), 5.64 (m, 1H), 6.52 (brs, 1H), 7.28-6.74 (m,
12H);

HRMS (ESD): caled for C;6H5;N,05S [M+H]+629.3771,
found 629.3771

Example 23

Production of N-[(1S,2S)-1,2-diphenyl-2-(2-(4-methyl-
benzyloxy)ethylamino)-ethyl]-2,4,6-triisopropylbenzene-
sulfonamide ammonium chloride ruthenium monomer

Ph
O~y J\\‘\‘Ph
H

0
HN_ #
Vi
0
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-continued
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In 8 ml of methanol, 2.02 g (3.21 mmol) of the sulfonamide
obtained in Example 22 was dissolved, and 0.67 g (6.42
mmol) of a IN HCI (methanolic solution) was added thereto
under ice-cooling, followed by stirring at room temperature
for 20 minutes. After that, the solvent was evaporated under
reduced pressure, and the obtained residue was dissolved in a
mixture solvent of 30 ml of 3-methoxypropanol and 18 ml of
water. To this solution, 0.72 g (2.75 mmol) of ruthenium
trichloride trihydrate was added, followed by stirring at 120°
C. for 1 hour. The solvent was evaporated under reduced
pressure, and 35 ml of IPA and 0.72 g (7.15 mmol) of triethy-
lamine were added to the obtained residue, followed by stir-
ring at 60° C. for 1 hour. The solvent was evaporated under
reduced pressure, and the obtained residue was purified by
silica gel column chromatography (chloroform/metha-
nol=97/3—20/1). Thus, 1.28 g of the target Ru complex was
obtained. Yield: 52.3%.

H-NMR (CD,Cl,, 300 MHz) §: 1.0-1.2 (m, 18H), 1.70 (m,
1H), 2.41 (s, 3H), 2.60 (m, 1H), 3.05 (m, 1H), 3.35 (m, 1H),
3.68 (m, 1H), 3.75 (t, 1H), 3.85 (m, 2H), 4.18 (d, 1H), 4.25 (d,
1H), 4.85 (brs, 1H), 5.02 (d, 1H), 5.30 (d, 1H), 5.48 (d, 1H),
5.63 (d, 1H), 6.35 (d, 1H), 6.40-6.70 (m, 10H), 6.90-7.05 (m,
3H);

HRMS (ESI): caled for C;oHN,O,SCIRu [M+H]+
763.2269, found 763.2257

Example 24

Production of 2-(cyclohexa-1,4-dienylmethoxy)ethanol

Z OH
( N /\O/\/ - -

@)
\/\OH

In 175 mL of dichloromethane, 1,2-bis(diphenylphos-
phino)ethane (1.73 g, 4.40 mmol), cobalt bromide (0.865 g,
4.00 mmol), and zinc iodide (4.2 g, 13.15 mmol) were dis-
solved, followed by stirring at 30° C. for 30 minutes. Then,
2-(propynyloxy)ethanol (8.94 g, 91.0 mmol) and butadiene
(20% by weight toluene solution) (36.8 ml, 136.5 mmol) were
added thereto, and then Bu,NBH, (1.1 g, 4.3 mmol) was
added. After stirring at 45° C. for 1 hour, the solvent was
evaporated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography (hexane/
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ethyl acetate=5/1). Thus, 11.7 g of the title compound, an
alcohol, was obtained as a colorless oily substance. Yield:
85.0%.

'"HNMR (CDCl;, 300 MHz): 8 5.80-5.60 (m, 3H), 3.92 (s,
1H), 3.72 (t, 2H), 3.48 (t, 2H), 2.75-2.60 (m, 4H), 2.22 (brs,
1H)

Example 25

Production of 2-(cyclohexa-1,4-dienylmethoxy)ethyl
4-methylbenzenesulfonate

O
\/\OH

o
N~ N0t

In 60 mL of toluene, 2-(cyclohexa-1,4-dienylmethoxy)
ethanol (11.0 g, 71.3 mmol), triethylamine (8.66 g, 85.6
mmol), and 1-methylimidazole (7.0 g, 85.6 mmol) were dis-
solved. With cooling in an ice-bath, a toluene solution (40 ml)
of'p-toluenesulfonyl chloride (16.3 g, 85.6 mmol) was slowly
added dropwise, followed by stirring at room temperature for
1 hour. Water was added thereto, and the resultant layers were
separated from each other. The obtained organic layer was
washed with 2 M hydrochloric acid and water. The solvent
was evaporated under reduced pressure, and the obtained
residue was purified by silica gel column chromatography
(hexane/ethyl acetate=10/1—3/1). Thus, 21.0 g of the title
compound, a tosylate, was obtained. Yield: 96%.

'"HNMR (CDCls, 300 MHz): 8 7.80 (d, 2H), 7.35 (d, 2H),
5.70-5.60 (m, 3H), 4.18 (t, 2H), 3.82 (s, 2H), 3.58 (t, 2H),
2.75-2.50 (m, 4H), 2.43 (s, 3H)

Example 26
Production of N-((1R,2R)-2-(2-(cyclohexa-1,4-dienyl-

methoxy)ethylamino)-1,2-diphenylethyl)-4-methylbenzene-
sulfonamide

.
o
N~ N0t
TSHN NI,
k3
Pi “Ph
Ph
o 2 Ph
\/\ N
i
NHTs

In 30 ml of toluene, 2-(cyclohexa-1,4-dienylmethoxy)
ethyl 4-methylbenzenesulfonate (5.0 g, 16.21 mmol) was
dissolved, and DIPEA (2.09 g, 16.21 mmol) and (R,R)-TsD-
PEN (5.94 g, 16.21 mmol) were added thereto, followed by
stirring at 130° C. for 13 hours. After that, the solvent was
evaporated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography (hexane/
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ethyl acetate=2/1). Thus, 7.3 g of the title compound, a
diamine, was obtained. Yield: 89.7%.

'H NMR (CD,Cl,, 300 MHz): § 7.40 (d, 2H), 7.20-6.90
(m, 12H), 6.30 (brs, 1H), 5.80-5.60 (m, 3H), 4.18 (d, 1H),
3.75 (s, 2H), 3.68 (d, 1H), 3.45-3.30 (m, 2H), 2.80-2.65 (m,
2H), 2.65-2.55 (m, 2H), 2.55-2.40 (m, 2H), 2.38 (s, 3H), 1.70
(brs, 1H)

HRMS (ESD): caled for C,H, N,O,S [M+H]* 503.5363,
found 503.2383

Example 27
Production of N-[(1R,2R)-1,2-diphenyl-2-(2-benzyloxy-

ethylamino)-ethyl]-4-methylbenzenesulfonamide =~ ammo-
nium chloride ruthenium monomer (Benzene-Ts-DENEB)

Ph
O 2 Ph B ——
\/\ N
H
NHTs
Cl Cl
\/
Ru
7 ’
Ph .
HC1 E
O ~ Ph
H
NHTs

éj_

'z,
/
o

2\;

Z,

N
\

5=}
=

5=}
S

To N-((1R,2R)-2-(2-(cyclohexa-1,4-dienylmethoxy )ethy-
lamino)-1,2-diphenylethyl)-4-methylbenzenesulfonamide
(6.0g, 11.1 mmol), 50 ml of 0.5 N HCI (methanolic solution)
and 150 ml of methanol were added, followed by stirring at
room temperature for 30 minutes. Then, the solvent was
removed by an evaporator. To the obtained white solid, ruthe-
nium trichloride.trihydrate (2.52 g, 9.63 mmol) and sodium
hydrogen carbonate (0.8 g, 9.6 mmol) were added, and the
mixture was dissolved in a mixture solvent of 86 ml of
3-methoxypropanol and 17 ml of water, followed by stirring
at 120° C. for 1 hour. The solvent was evaporated under
reduced pressure, and 97 ml of MIBK and triethylamine (3.9
g, 38.5 mmol) were added to the obtained residue, followed
by stirring at 60° C. for 1 hour. After that, the solvent was
removed under reduced pressure, and the obtained residue
was purified by silica gel column chromatography. Thus, 5.28
g of the title compound, a ruthenium monomer, was obtained.

Yield: 86.0%.

'"HNMR (CD,Cl,, 300 MHz): 8 7.20-6.55 (m, 14H), 6.35
(m, 1H), 5.95 (m, 1H), 5.83-5.78 (m, 3H), 4.80 (d, 1H), 4.40
(d, 1H), 4.35-4.20 (m, 1H), 4.10-4.00 (m, 2H), 3.85-3.75 (m,
2H), 3.45-3.20 (m, 2H), 2.25 (s, 3H)

HRMS (ESI): caled for C,,H;,CIN,O;RuS [M+H]*
637.0860, found 637.0858
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Example 28

Production of N-((1R,2R)-2-(2-(cyclohexa-1,4-dienyl-
methoxy)ethylamino)-1,2-diphenylethyl ) methanesulfona-
mide

N
o
N0t
MSHN NH,
I
Ph Ph
Ph
0 2 Ph
O\/ \/\NAK
H

NHMs

In 24 ml of toluene, 2-(cyclohexa-1,4-dienylmethoxy)
ethyl 4-methylbenzenesulfonate (3.95 g, 12.8 mmol) was
dissolved, and DIPEA (1.65 g, 12.8 mmol) and (R,R)-MsD-
PEN (3.72 g, 12.8 mmol) were added thereto, followed by
stirring at 130° C. for 23 hours. After that, the solvent was
evaporated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography (hexane/
ethyl acetate=3/1). Thus, 4.6 g of the title compound, a
diamine, was obtained. Yield: 56.6%.

'"HNMR (CD,Cl,, 300 MHz): 8 7.30-7.18 (m, 10H), 6.08
(brs, 1H), 5.80-5.75 (m, 2H), 5.62-5.58 (m, 1H), 4.45 (m,
1H), 3.85 (d, 1H), 3.75 (s, 2H), 3.45-3.35 (m, 2H), 2.75-2.45
(m, 2H), 2.30 (s, 3H)

Example 29
Production of N-[(1R,2R)-1,2-diphenyl-2-(2-benzyloxy-

ethylamino)-ethyl|methanesulfonamide ammonium chloride
ruthenium monomer (Benzene-Ms-DENEB)

Ph
o 2 Ph —
\/\N
i1
NHMs
c cl
\/
Ru
2
7 Ph -
| HCl
o 2 Ph
N \/\N
H
NHMs
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-continued

36
HRMS (BSI): caled for C,3H,,0,S [M+H]+253.0893,

: : found 253.08333
d Example 31

To N-((1R,2R)-2-(2-(cyclohexa-1,4-dienylmethoxy )ethy-
lamino)-1,2-diphenylethyl)methanesulfonamide (4.5 g, 9.72
mmol), 45 ml of 0.5 N HCI (methanolic solution) and 120 ml
of methanol were added, followed by stirring at room tem-
perature for 30 minutes. Then, the solvent was removed by an
evaporator. To the obtained white solid, ruthenium trichlo-
ride.trihydrate (2.31 g, 8.83 mmol) and sodium hydrogen
carbonate (0.74 g, 8.8 mmol) were added, and the mixture
was dissolved in a mixture solvent of 79 ml of 3-methoxypro-
panol and 16 ml of water, followed by stirring at 120° C. for
1 hour. The solvent was evaporated under reduced pressure,
and 89 ml of MIBK and triethylamine (3.6 g, 35.3 mmol)
were added to the obtained residue, followed by stirring at 60°
C. for 1 hour. After that, the solvent was removed under
reduced pressure, and the obtained residue was purified by
silica gel column chromatography. Thus, 3.7 g of the title
compound, a ruthenium monomer, was obtained. Yield:
68.0%.

'HNMR (CD,Cl,, 300 MHz): § 7.20-6.80 (m, 10H), 6.20
(m, 1H), 5.83 (m, 2H), 5.75 (m, 2H), 4.80 (d, 2H), 4.35 (d,
2H), 4.20 (brs, 1H), 4.10-3.90 (m, 2H), 3.80-3.50 (m, 2H),
3.50-3.15 (m, 2H), 2.43 (s, 3H)

HRMS (ESI): caled for C,,H,,N,O,RuS [M-CI]*
525.0780, found 525.0775

Example 30

Production of 5-hexynyl 4-methylbenzenesulfonate

OH
/\/\/ —_—
OTs
/\/\/

In 3 mL of toluene, 5-hexyn-1-ol (2.73 g, 27.82 mmol),
triethylamine (3.38 g, 33.40 mmol), and 1-methylimidazole
(2.74 g, 33.37 mmol) were dissolved. With cooling in an
ice-bath, a toluene solution (12 ml) of p-toluenesulfonyl chlo-
ride (6.36 g, 33.36 mmol) was slowly added dropwise, fol-
lowed by stirring at room temperature for 1 hour. Water was
added thereto, and the resultant layers were separated from
each other. The obtained organic layer was washed with 2 M
hydrochloric acid, water, and saturated aqueous sodium chlo-
ride in this order. The solvent was evaporated under reduced
pressure, and the obtained residue was purified by silica gel
column chromatography (hexane/ethyl acetate=4/1). Thus,
7.0 g of the title compound, a tosylate, was obtained as a
colorless oily substance. Yield: 99.7%.

'"HNMR (CDCl,, 300 MHz): 8 7.79 (m, 2H), 7.35 (m, 2H),
4.05 (t, J=6.3 Hz, 2H), 2.45 (s, 3H), 2.17 (dt, J=2.7, 6.9 Hz,
2H), 1.93 (t,J=2.7 Hz, 1H), 1.83-1.74 (m, 2H), 1.62-1.51 (m,
2H);
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Production of 4-(4-methylcyclohexa-1,4-dienyl)butyl
4-methylbenzenesulfonate and 3-(5-methylcyclohexa-1,4-
dienyl)butyl 4-methylbenzenesulfonate

OTs
/\/\/  ——

| IS
|
(1,4type) + (1,5type)

In 15 ml of THF, 1,2-bis(diphenylphosphino)ethane (0.25
g, 0.61 mmol), cobalt bromide (0.13 g, 0.59 mmol), zinc
iodide (0.38 g, 1.19 mmol), and zinc (0.08 g, 1.24 mmol) were
dissolved, followed by stirring at 70° C. for 15 minutes. After
cooling to room temperature, isoprene (0.95 g, 13.86 mmol)
was added. Then, the tosylate (3.00 g, 11.89 mmol) obtained
in Example 20 was slowly added dropwise with cooling in a
water bath. After stirring at 35° C. for 1 hour, the solvent was
evaporated under reduced pressure, and the obtained residue
was purified by silica gel column chromatography (hexane/
ethyl acetate=5/1). Thus, 3.41 g of the title compound, a
tosylate, was obtained as a colorless oily substance. Yield:
89.5% (isomer ratio: 1,4 type/1,5 type=73/27). Note that the
following NMR spectrum data are those of the mixture of the
two isomers.

'"H-NMR (CDCl,, 300 MHz): 8 7.80-7.77 (m, 2H+2H"),
7.36-7.33 (m, 2H+2H"), 5.58-5.56 (m, 1H"), 5.51-5.49 (m,
1H"), 5.39-5.38 (m, 1H), 5.35-5.34 (m, 1H), 4.05-4.01 (m,
2H+2H"), 2.53 (brs, 4H), 2.45 (s, 3H+3H"), 2.05 (brs, 4H",
1.99 (t, J=7.4 Hz, 2H", 1.91 (t, J=7.4 Hz, 2H), 1.76 (s, 3H",
1.66 (s, 3H), 1.67-1.58 (m, 2H+2H"), 1.49-1.37 (m, 2H+2H");

HRMS (ESI): caled for C,;H,,0;SNa [M+Na]+343.1338,
found 343.1342

Example 32

Hydrogen transfer reaction to acetophenone as substrate
using N-[(18,28)-1,2-diphenyl-2-(4-(4-methylphenyl)buty-
lamino)ethyl]-4-methylbenzenesulfonamide ammonium
chloride ruthenium monomer and N-[(18,2S)-1,2-diphenyl-
2-(4-(3-methylphenyl)butylamino )ethyl|-4-methylbenzene-
sulfonamide ammonium chloride ruthenium monomer

In a 25-ml Schlenk tube, 4.5 mg (0.00694 mmol,
S/C=1000) of the ruthenium complexes produced in Example
6, acetophenone (0.82 g, 6.86 mmol), and 3.4 ml of a formic
acid-triethylamine (5:2) azeotrope were mixed with each
other, and a reaction was allowed to proceed at 60° C. for 5
hours. GC analysis of the reaction liquid showed that (S)-1-
phenylethanol was formed with a conversion of 99.3% and
96.5% ee.

Example 33

Hydrogen transfer reaction to acetophenone as substrate
using N-[(18,28)-1,2-diphenyl-2-(4-(4-methylphenyl)buty-
lamino)ethyl]-methanesulfonamide ammonium chloride
ruthenium monomer and N-[(1S,2S)-1,2-diphenyl-2-(4-(3-
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methylphenyl)butylamino)ethyl]-methanesulfonamide
ammonium chloride ruthenium monomer

In a 25-ml Schlenk tube, the ruthenium complexes (4.0 mg,
0.00694 mmol, S/C=1000) produced in Example 10,
acetophenone (0.82 g, 6.86 mmol), and 3.4 ml of a formic
acid-triethylamine (5:2) azeotrope were mixed with each
other, and a reaction was allowed to proceed at 60° C. for 5
hours. GC analysis of the reaction liquid showed that (S)-1-
phenylethanol was formed with a conversion of 99.4% and
94.8% ee.

Example 34

Hydrogen transfer reaction to acetophenone as substrate
using N-[(1R,2R)-1,2-diphenyl-2-(2-benzyloxyethy-
lamino)-ethyl]|-4-methylbenzenesulfonamide = ammonium
chloride ruthenium monomer (Benzene-Ts-DENEB)

In a 25 ml-Schlenk tube, the ruthenium complex (3.2 mg,
0.005 mmol, S/C=1000) produced in Example 27, acetophe-
none (0.61 g, 5.0 mmol), and 2.5 ml of a formic acid-triethy-
lamine (5:2) azeotrope were mixed with each other, and a
reaction was allowed to proceed at 60° C. for 5 hours. GC
analysis of the reaction liquid showed that (R)-1-phenyletha-
nol was formed with a conversion 99.7% and 95.3% ee.

Example 35

Hydrogen transfer reaction to acetophenone as substrate
using N-[(1R,2R)-1,2-diphenyl-2-(2-benzyloxyethy-
lamino)-ethyl|met hanesulfonamide ammonium chloride
ruthenium monomer (Benzene-Ms-DENEB)

In a 25-ml Schlenk tube, the ruthenium complex (2.8 mg,
0.005 mmol, S/C=1000) produced in Example 29, acetophe-
none (0.61 g, 5.0 mmol), and 2.5 ml of a formic acid-triethy-
lamine (5:2) azeotrope were mixed with each other, and a
reaction was allowed to proceed at 60° C. for 5 hours. GC
analysis of the reaction liquid showed that (R)-1-phenyletha-
nol was formed with a conversion 100% and 94.8% ee.

The invention claimed is:

1. A method for producing a compound of the following
general formula (1):

M

10

R
/‘A3 Al R
1
R NH T2 )
3 4

R

=z

R R

Rl3

wherein R' represents an alkyl group having 1 to 10 carbon
atoms; an alkanesulfonyl group having 1 to 10 carbon
atoms and optionally substituted with a halogen atom;
an arenesulfonyl group optionally substituted with an
alkyl group having 1 to 10 carbon atoms, a halogenated
alkyl group having 1 to 10 carbon atoms, or a halogen
atom; an alkoxycarbonyl group having 2 to 11 carbon
atoms in total; or a benzoyl group optionally substituted
with an alkyl group having 1 to 10 carbon atoms, R? and
R? each independently represent an alkyl group having 1
to 10 carbon atoms; a phenyl group optionally substi-
tuted with an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, or a halogen
atom; or a cycloalkyl group having 3 to 8 carbon atoms,
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or R? and R® may together form a ring, R'° to R'* each
independently represent a hydrogen atom, an alkyl
group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, or a trisubstituted alkylsilyl
group, A' and A3 represent methylene, A® represents an
oxygen atom, and n, and n, are each independently 1 to
3, the method comprising:

reacting a compound of the following general formula

2

@
Rl

RIZ 10

R
)/QAZJT B
A3)/
RI3 Al . )
R14

wherein R' to R'*, A' to A®, n,, and n, are the same as
those defined in the general formula (1), and B repre-
sents a halogen atom, an alkanesulfonyloxy group, or an
arenesulfonyloxy group, with a diamine compound of
the following general formula (3):

&)
RZ

NH,,
H R?

wherein R! to R® are the same as those defined in the
general formula (1),

in the presence of an solvent selected from the group con-
sisting of an aromatic hydrocarbon, halogenated aro-
matic hydrocarbon, ether, and aprotic polar solvent, and
a base selected from the group consisting of an inorganic
base and tertiary organic amine.

2. The production method according to claim 1, wherein

the reaction of the compound of the general formula (2) is
reacted with the diamine compound of the general for-
mula (3) at a temperature of 100° C. to 200° C.

3. A compound of the following general formula (2):

Rll
RIZ RIO
)/éAi)\t >
13 1 A3 )n/
R A a 2
Rl4
wherein R'° to R** each independently represent a hydro-
gen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, or a trisub-
stituted alkylsilyl group, A and A represent methylene,
A? represents an oxygen atom, B represents a halogen

atom, an alkanesulfonyloxy group, or an arenesulfony-
loxy group, and n, and n, are each independently 1 to 3.
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